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PHYSICS.—The accurate measurement of the refractive indices 
of minute crystal grains under the petrographic microscope. 
Frep. E. Wriaut, Geophysical Laboratory. 


The principal refractive indices of fine crystal particles, meas- 
uring 0.01 mm. in diameter or larger and of medium refrin- 
gence and birefringence can be determined by the immersion 
method with an accuracy of + 0.001.! In strongly birefracting 
minerals and in deeply colored substances of high refractive 


index this degree of accuracy is rarely attainable by the im- 


1 For a discussion of the principles and details of practical application of 
the immersion method to refractive index determinations under the petro- 
graphic microscope see: Tschermak’s Miner. petrogr. Mitteil., 20: 239. 1901; 
Am. Jour. Sci., (4), 17: 385-387. 1904; (4), 36: 63-82. 1913; Carnegie Insti- 
tution of Washington, ‘Pub. 168: 93. 1911; Jour. Wash. Acad. Sci., 4: 270, 389. 
1914. Since the publication of these papers a new procedure for the measure- 
ment of the refractive indices of immersion liquids on the total refractometer 
has been adopted by the writer and has proved so satisfactory that it may be 
described briefly. Plane parallel disks (2 cm. in diameter, 2 to 3 mm. thick) 
of high refracting glass (n > 1.74) serve in place of ordinary object glasses. The 
refringence tests between mineral grain and immersion liquid are made in the 
usual way under the microscope. The glass disk is then mounted directly on the 
glass hemisphere of the total refractometer with a drop of highly refractive 
liquid intervening (methylene iodide or Rohrbach solution), and the, refractive 
index of the liquid is measured through the glass disk. By this method, it is 
possibie to measure the three principal refractive indices of a biaxial mineral 
grain without removing it from the liquid, the refractive index of the liquid 
itself being 1aised or lowered the proper amount to match the different refrac- 
tive indices of the mineral by the addition of a smal! drop of a suitable re- 
fractive liquid. The danger of scratching the surface of the glass hemisphere 
by mineral grains embedded in the refractive liquid is also eliminated. 
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102 WRIGHT: MEASUREMENT OF REFRACTIVE INDICES 
mersion method and can only be approached by a careful ob- 
servance of certain favorable conditions of observation. It is 
the purpose of the present paper to consider these conditions 
briefly and to ascertain their relative importance in accurate 
work. 

The methods for the detection of differences in refractive 
index between crystal grain and immersion liquid are based pri- 
marily on differences in intensity of illumination in different 
parts of the grain. In order that these differences be readily 
visible even for slight changes in refractive index it is essen- 
tial that attention be given to the following factors: (a) the 
source of light; (b) the optical condenser system of the micro- 
scope for producing the different types of illumination—cen- 
tral or oblique—of the crystal grain; (c) the optical system for 
observing the differences in illumination thus produced. 

(a) For accurate measurements intense, uniform, monochro- 
matic light is essential. The most satisfactory light source is 
the mercury lamp used in conjunction with either a dispersion 
prism or the Wratten ray filters. It furnishes a very intense 
green light (546.1 wuz) and an intense orange-yellow light (576.9 
and 579 uu). The ordinary sodium, thallium, lithium, and 
calcium flames, the helium and hydrogen tubes, and the cadmium 
and iron ares are also useful. The light source is placed in the 
focus of a condenser lens, and either the light itself or the il- 
luminated condenser lens is imaged in the object plane of the 
microscope by means of the substage condenser. In case still 
more uniform, but less intense, illumination is desired a finely 
ground glass disk may be placed in the lower focal plane of the 
substage condenser. 

(b) Two types of a central and oblique, are em- 
ployed in refractive index determinations by the immersion 
method.* In central illumination a narrow cone of light whose 
axis coincides with that of the optical system, is used and 
is obtained either by closing the iris diaphragm below the sub- 
stage condenser or by lowering the condenser. The angle which 
the marginal rays of the central cone include with the axis 
can be measured by means of a graduated apertometer scale 
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located in the lower focal plane of the condenser and imaged 
in the eye-circle of the ocular. The angle ordinarily employed 
with a 16 mm. objective (Zeiss apochromatic; N. A. = 0.30) is 
8° to 10°; under these conditions the diameter of the eye-circle 
(compensating eyepiece 4) is 1.3mm. This angle can be reduced 
to 4° by closing the iris diaphragm as far as possible; but the 
diameter of the eye-circle is then only 0.6 mm., the illumina- 
tion of the field is weak and dust particles are troublesome. 
In a high power objective (Zeiss apochromatic, E. F. = 4 mm.; 
N. A. = 0.95) the angular aperture usually employed in central 
illumination is about 15°; for this aperture the diameter of the 
eye-circle is 0.46 mm. In case the smallest possible aperture, 
4°, be used, the diameter of the eye-circle is reduced to 0.15 
mm.; the field illumination is then so weak that a strong light 
source is necessary; all lenses and also object cover glass must 
be thoroughly cleaned to reduce, as far as possible, the dis- 
turbing effects resulting from dust particles and from dif- 
fraction. In oblique illumination a narrow pencil of obliquely 
incident light is employed and is best obtained by means either 
of a movable iris diaphragm or of a sliding metal strip in the 
lower focal plane of the substage condenser. Experience has 
shown that in the case of the sliding substage-stop the best 
effects are produced when the stop is inserted past the axis to 
a point midway between the center and the margin of the con- 
denser opening. Under these conditions the inclination of the 
incident rays in the 16 mm. objective ranges from 9° to 18°, 
with an average inclination of 12.5°. This angle can be de- 
creased by closing the substage iris diaphragm and withdrawing 
the sliding stop a short distance; but then the intensity of 
field illumination decreases rapidly and the disturbing effects 
of dust particles become serious. With a 32 mm. objective 
(N. A. = 0.10) the angular field measures 6° on a side and the 
best results in oblique illumination are obtained for rays of 
an average angular inclination of 4° (3° to 6°). With the 4 
mm. objective it is difficult to obtain proper illumination by 
this method because of the rapid decrease in definition of image 
with oblique, one sided illumination. 
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(c) Experience has proved that the effects produced by 
central illumination are best observed under relatively high 
magnifications (300 to 75 diameters; 4 mm. or 16 mm. objective) 
while in oblique illumination lower magnifications are more 
favorable (75 to 30 diameters; 16 mm. or 32 mm. objective). 

Refractive index measurements .on birefracting grains. The 
phenomena obtained by central illumination are different from 
those resulting from oblique illumination; but the principle 
underlying both types of illumination, namely that of the devia- 
tion of transmitted light waves by prismatic refraction,? is the 
same. It is of interest to compare the results obtained by the 
two kinds of illumination on irregular, birefracting crystal 
particles. In a birefracting mineral the refractive indices 
of the transmitted light waves vary with the direction of trans- 
mission; the two methods of illumination are therefore subject 
to correction factors because in both methods more or less 
obliquely incident light is employed. In crystals of medium to 
weak birefringence these factors are practically negligible and 
experience has shown that the degree of accuracy attainable 
by either method is about the same. But in strongly birefract- 
ing minerals a slight change in the direction of transmission of 
the light waves may produce a decided change in refractive 
index, and then the actual angle of inclination and the direction 
of the waves may become an important factor in the accuracy 


?The method of central illumination is frequently called the Becke-line 
method while that of oblique illumination is designated the Schroeder van der 
Kolk method. The papers by Becke and Schroeder van der Kolk were of great 
importance in emphasizing the significance. of these methods in microscopical 
petrography; but in view of the fact that both methods had been described 
and applied by Maschke and Thoulet one or two decades earlier and also that in 
ordinary microscope work (biological, etc.) these methods have long been used 
and called by the above descriptive terms—central and oblique illumination— 
it would seem better than these terms be employed in preference to the above. 
The term Becke-line should be retained, however, for some of the relative re- 
fringence determinations in rock thin sections; but in refractive index deter- 
minations of crystal grains by central illumination the Becke-line constitutes 
only part of the phenomena observed, the determination being based primarily 
on the relative convergence or divergence of the light transmitted through the 
mineral grain. 
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attained. This is well illustrated on plates of calcite which is 
very strongly birefracting (w — « =0.172). 

In Table 1 are listed the computed extraordinary refractive 
indices (e’) for light waves entering a calcite plate under dif- 
ferent angles of incidence. In columns 1 and 2 the values 
are given for a plate cut normal to the principal axis; in col- 
umns‘3 and 4 ,the values for a plate cut parallel with the prin- 
cipal axis; in columns 5, 6, and 7, the values for a cleavage 
plate of caleite. Each of the above plates is considered to be 
so placed that its principal section is parallel to the plane of 
vibration of the incident waves. In columns 1, 3 and 5 are 
listed the refractive indices for extraordinary waves trans- 
mitted along directions contained in the plane normal to the 

TABLE 1. 
“es un sine 

i | 4 

0° ' } 1. ge 1.564 | 
5 : : : : By | 1.573 | 
eee eS : , | 1. 1. 1.582 | 
15 , ; | 1.592 | 





20 ' mo | 1.601 


principal section; it may be noted that the refractive index for 
each of these columns remains constant for the different direc- 
tions of transmission. In columns 2, 4, 6, and 7 the refractive 
indices are given for light waves whose lines of propagation 
are contained in the principal section. In these columns the 
refractive indices vary noticeably with change in direction of 
transmission. In column 6 the refractive indices ¢’ are listed 
for different angles of incidence 7 in the principal section of 
the cleavage rhombohedron on the side toward the emergent 
optic axis; in column 7 the refractive indices are given for light 
waves incident also in the principal section but on the side 
away from the optic axis. 

From this table it is evident that if a calcite cleavage flake 
be immersed in a liquid of refractive index about 1.564, the 
plate will appear to have approximately the same refractive 
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index for oblique waves transmitted in the vertical plane nor- 
mal to the principal section (column 5); but a noticeably higher 
refractive index than the liquid for light waves incident under 
conditions of column 6, and a much lower refractive index for 
conditions of column 7; also that the refractive index of a basal 
section of calcite will appear, if observed under the condi- 
tions of oblique illumination of column 2, to have a lower re- 
fractive index than the maximum refractive index w; under simi- 
lar conditions (column 4) a section parallel to the principal 
axis will appear to have a higher refractive index than the mini- 
mum refractive index « which it might be expected to show. It 
may be noted, however, that, even under the most favorable 
conditions, the rays incident on the mineral grain are not all 
contained in the diametral plane normal to the principal section. 
Of the cone of rays emerging from the condenser all but a small 
segment is eliminated by the sliding-stop; the marginal rays of 
this segment include an appreciable angle with the diametral 
plane, and are accordingly transmitted through the mineral grain 
under conditions different from those in the diametral plane; the 
phenomena which we observe are the result of the aggregate 
action of all the rays and not solely of those of the diametral 
plane, on which the determinations are based. This defect can 
be remedied to a large extent by the use either of small circular 
holes’ or of a narrow slit opening in the sliding-stop. Disregard 
of this factor may affect the accuracy of measurements on strongly 
birefracting minerals. These relations serve also to explain 
the long-continued appearance of colored fringes on the margins 
of such crystal grains when observed in white light, these fringes 
persisting over a much greater range of refractive indices than 
might be expected were they due solely to the difference in dis- 
persion between mineral and liquid. 

In central illumination the inclination of the transmitted 
rays is, in general, less than that in oblique illumination with 
the result that the error introduced because of this factor is 
proportionately less. Offsetting this advantage in part, however, 
is the sensitiveness of central illumination to the character, 


*Tscherm. Miner. petrogr. Mitteil., 20: 240. 1901. 
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shape, and size of the grain and its edges. In many grains, 
especially cleavage flakes, the phenomena are so masked by 
local irregularities that it is difficult to determine whether the 
grain has a slightly higher or slightly lower refractive index 
than the immersion liquid. With central illumination the 
differences, noted above, in refractive indices of the light waves 
which emerge in the different quadrants find expression in a 
noticeable difference in the behavior of the different sides of the 
grain on raising the objective. 

Experience has proved that the two methods furnish, in 
general, results which are of the same order of exactness; in 
special instances, however, central illumination is superior to 
oblique illumination because of the smaller angle of inclination 
of the cone of its incident rays; in other cases oblique illumi- 
nation is preferable because the phenomena, which it produces, 
are then more distinct. As a rule it is good practice to use 
both methods and to verify the results of the one by those of the 
second. 

Summary. In the exact measurement of refractive indices 
of minute crystal particles by the immersion method it is essen- 
tial: (a) that correctly oriented sections be selected which are 
normal to at least one principal optic section; (b) that in case 
oblique illumination be used, only those pencils of light: be 
employed whose direction of propagation is included in the 
plane normal to the principal optical section; in other words, 
the metal sliding-stop should be so inserted that its front edge 
is parallel to a principal section; (c) that with central illu- 
mination special weight be given to the effects along those edges 
of the grain, which trend approximately parallel to the prin- 
cipal section. If these conditions be disregarded the value 
obtained for the maximum refractive index will be too low, 
the value for the minimum refractive index, too high, while 
that of any intermediate refractive index, as 6, may be too 
high or too low. Failure to recognize these factors may lead, 
especially in the case of strongly birefracting crystal particles, 
to refractive index determinations which are appreciably in 
error. 
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GEOLOGY.—An estimate of the age of the last great glaciation 
in Alaska. STEPHEN R. Capps, Geological Survey. 


For many years certain Alaska glaciers have been under 
observation, and considerable material dealing solely with gla- 
ciation in Alaska has been published. A large amount of data 
on glacial conditions throughout the territory has also accu- 
mulated incident to general geologic investigations, and has 
been published in the reports which treat of the geology of the 
different districts. The published literature on glaciation in 
Alaska is, therefore, so extensive that it can not be discussed in 
this paper. ie 

It is a generally recognized fact that the present glaciers of 
Alaska are but the shrunken descendants of vastly greater 
glaciers which at some former time reached a much more ex- 
tensive development than they now have. Yet notwithstand- 
ing the amount of attention which has been given to the sub- 
ject by many observers, practically no attempt, based on trust- 
worthy evidence, has been made to date the age of this last 
great ice advance in Alaska, or to correlate it with any of the 
glacial stages which have been so well established in the Mis- 
sissippi Basin. 

Quantitative studies of the variations of certain coastal 
glaciers of Alaska, some of which have advanced or retreated 
long distances within a comparatively short term of years, have 
established a rather general impression that the greater por- 
tion of the retreat of all Alaskan glaciers from the points of 
greatest advance to their present positions has taken place 
rather recently. Few men have been willing to hazard a guess 
as to how many years ago a particular valley was bared of ice; 
but that the time should be measured in centuries, rather than 
in thousands of years, would probably have seemed reasonable 
to most of those who have thought on the subject. The feeling 
that the time should be measured in hundreds of years, rather 
than in terms of greater magnitude, has also been strengthened 
by the small amount of post glacial erosion which can be dis- 
covered in many strongly glaciated valleys. 

During the progress of a reconnaissance geological survey 
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in the upper portion of the White River basin in the summer 
of 1914 some facts were obtained which throw light on the 
problem of the length of time which has elapsed since Russell 
Glacier, a large, vigorous glacier in which White River heads, 
retreated to approximately its present position. Russell Gla- 
cier draws its ice-supply from a high, rugged range of moun- 
tains near the international boundary. The main body of the 
glacier lies in a pass and a portion of its drainage goes to the Cop- 
per River basin, although the main discharge is to the Yukon. 
It gives abundant evidence of active movement, and although 
its lower end is well covered by morainal material, the detritus 
has a very fresh appearance, and vegetation has secured only 
a scanty foothold upon it. It may fairly be considered as an 
average example of the glaciers of the Wrangell Mountains 
and it may be inferred that the major events of its history 
have been roughly duplicated by the other similar glaciers in 
the same general region. 

At a point on the north side of White River. about 8 miles 
below the source of that stream in Russell Glacier, the river 
has eroded its bank to form a high bluff which for an east and 
west distance of over a mile shows excellent exposures. Al- 
though its height and the thickness of its constituent mem- 
bers vary somewhat from place to place, a single section will 
serve well to illustrate the conditions found there. The base 
of the bluff at the point measured (fig. 1) shows 30 feet of typi- 
cal, unconsolidated and unoxydized glacial till, with an un- 
even, rolling surface. Above the till and extending to the top 
of the bluff is 39 feet of fibrous, peaty vegetable material, full of 
stumps and roots, but probably formed for the most part of 
the remains of sphagnum moss (figs. 2 and 3). Seven feet 
below the top of the bluff the peat is interrupted by a two- 
foot layer of white volcanic ash. The surface of the ground 
above the bluff is covered by a thick coating of sphagnum moss 
and supports also a dense forest of spruce, with scanty under- 
brush. The peat, ash and glacial till are permanently frozen a 
few inches back from the face of the bluff, even though having 
a south exposure, and subjected to the long hours of summer 
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sunshine, the light, fluffy waste from the peat acting as an 
effective insulator. Even the surface moss was solidly frozen 
at a depth of 6 inches in early July. The cut bank, therefore, 
shows generally a nearly vertical peat face, and erosion takes 
place by the formation of great vertical cracks through the 
peat, and the falling outward of large, tree covered blocks which 
tumble down to the stream level and are gradually thawed and 


Glacial Till 








bine 


Fig. 1. Diagrammatic section of stream bluff on 
White River, showing relations of glacial till, peat, 
and volcanic ash. The process of peat deposition is 
still going on at the surface. A, a normal spruce 
stump with flat root base, growing on solid ground. 
B, a spruce stump growing on rapidly accumulating 
peat. Below the line of ground frost, which rises 
with the growth of peaty material, the roots cease to 
unction, and the tree is forced to throw out additional 
oots in the unfrozen surface portion of the ground. 


removed (fig.4). An 
examination of this 
section at once sug- 
gested that if the 
rate of accumulation 
of the peaty mate- 
rial could be deter- 
mined, then a fairly 
accurate estimate 
could be made of 
the length of the 
time period whch 
has intervened be- 
tween the final re- 
treat of the ice from 
this locality and the 
present. 

The peculiar ap- 
pearance of the roots 
of the spruce trees 
which grow on the 
edge of the bluff, as 
well as of the stumps 
which make up a 
considerable portion 
of the peaty deposit, 
suggested that it 
might be possible to 
determine approxi- 
mately the rate of 
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accumulation of the peat at this place. The ordinary spruce, 
growing upon solid ground, either frozen or unfrozen, sends its 
roots out radially, parallel with the surface, the roots pene- 
trating only a few inches below the surface of the ground 
(fig. 1A). The uprooted spruce tree, with its flat root base, 
is a familiar object to all who have travelled through an Alaskan 
spruce forest. In the White River locality, however, the roots 
of the spruce trees, both those 
growing at the edge of the 
bluff, or recently overturned, 
and those deeply buried with- 
in the peat mass, showed quite 
different characteristics (fig. 
1B). Instead of a single, flat-. 
based set of radial roots, these 
trees all show a central stem 
often several feet long, from 
which roots branch off at ir- 
regular intervals, with an 
upper set of roots near the 
surface, corresponding to those 
of the normal tree. An at- 
tempt to dig out one living 
tree for the purpose of ex- 
amining its roots, resulted in 
failure, for the ground was 
found to be solidly frozen 6 
inches below the top of the Fig. 2. Section of bluff, showing glacial 
moss, and an excavation 18 till overlain by peat and volcanic ash. 
inches deep did not reach to 

the lowest roots. Below the frost line the roots were sound 
and undecayed, but of a darker color than the live surface 
roots, and were apparently not functioning. 

From the above facts it seems evident that a seedling spruce, 
having established itself on the mossy soil in this area of rap- 
idly accumulating vegetation, sent out radial, flat-based. roots 
in a normal way, but the constantly thickening moss and fol- 
lowing it the rising line of frozen ground cut off the food sup- 
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ply from the lowest roots and caused the tree constantly to 
throw out new sets of roots near the surface, in its efforts to 
survive. If these premises are correct, then the vertical dis- 
tance between the lowest horizontal roots of a tree and the 
surface of the ground represents the thickness of the peaty 
accumulation during the growth of the tree, and the rate of 
accumulation can be determined by ascertaining the age of the 
tree, as shown by the annual rings. 

It is readily admitted that any figures for the rate of accu- 
mulation of peat, obtained in the way outlined are subject to 





Fig. 3. Close view of an overturned block of peat, with included spruce 
stumps. 


many uncertainties, and before they can be considered final 
should be checked by a much larger number of measurements 
than could be made in the single day which was available for this 
study. Most of the qualifying factors, however, seem to fall 
on the side of conservatism, and to give a minimum, rather 
than a maximum figure. Among the unweighed factors the 
following may be briefly mentioned: 

1. The vegetable matter accumulating near the surface is 
less compact than that deeper in the section, so that the ma- 
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terial making up a layer a foot thick around a living tree. would be 
considerably less than that thicknessafter it became deeply buried. 

2. Toward the edge of the bluff, where the roots could be 
best examined, the accumulation near the surface contains a 
considerable admixture of wind-blown dust from the bare sand 
and silt flat below. The deeper portions of the peat bed are 
comparatively free from such extraneous material, and it is 
probable that at the time they were laid down they were at 
some distance from the bare gravel plain of White River. 





Fig. 4. Peat bluff, with angular, overturned blocks of peat and volcanic 
ash. Photograph by F. H. Moffit. 


3. A considerable period of time probably elapsed after the 
retreat of the ice before vegetation had completely established 
itself upon the bared area of glacial till. Similarly, the ejection 
of the heavy layer of volcanic ash, while it failed to kill the 
spruce forest, doubtless destroyed the surface covering of 
sphagnum moss, and this moss cover may have been a long 
time in reéstablishing itself. Even now there are on the moun- 
tain front to the south large areas of hone ash, on which there: 
is only scanty vegetation. 
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4. Aecording to F. V. Coville, trees of very slow growth fail 
during unfavorable years to form distinct annual rings, and 
therefore the age of the tree, as shown by a count of the rings, 
may be considerably greater than the figures obtained. From 
the same authority comes the statement that during the first 
years after germination the spruce tree grows very slowly, so 
that a count of the rings made 4 feet above the present sur- 
face, or say 6 feet above the lowest horizontal roots, would 
fail to show the first 20 years or so of the tree’s growth. 

Sound trees so situated that their roots could be studied, 
and ring counts made, were not easily found, and in only one 
instance was the count made'‘on a tree which seemed to have 
developed under conditions which approached the average. 
On this tree one count, made 6 feet above the present sur- 
face of the ground, where the tree had a diameter of 73 inches, 
showed 373 annual rings. At 8 feet above the ground another 
count was made as a check and gave 362 rings. This tree had 
an accumulation of 24 inches of vegetable matter above its 
lowest horizontal roots. With an allowance of 27 years for 
the growth of the tree up to the point where the count was 
made, a rate of accumulation of the vegetable material of about 
1 foot in 200 years was obtained. In the peaty material around 
the roots of this tree there was considerably more wind-blown 
sand and silt than in the peat exposed below. Another count, 
made on a tree 5} inches in diameter, gave 133 rings, and the 
roots had 16 inches of very sandy peat about them. The un- 
usually sandy condition of the peat about this tree must indicate 
an unusually rapid burial of the tree, and consequently the 
figures of the rate of accumulation are too small to be gener- 
ally applied. Emphasis is again placed upon the fact that the 
surface peat is much less solidly compacted than that more 
deeply buried, and the figure on which most confidence is placed, 
namely 200 years to the foot of peat, is doubtless much less 
than the actual number of years required for the average foot 
of peat to accumulate at this place. 

Disregarding, therefore, many unweighed factors, all of 
which would tend to give a slower rate of accumulation, and 
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assuming the rate of 200 years to the foot to be correct, we are 
brought face to face with the conclusion that a period of at least 
7800 years or in round numbers 8000 years has been required 
for the formation of the 39 feet of peat exposed in this section, 
and that the final retreat of the front of Russell Glacier to within 
8 miles of its present position had taken place some 8000 years 
ago. This figure of 8000 years is by no means to be consid- 
ered as final, but is merely believed to express the proper order 
of magnitude of the term of years since the disappearance here 
of the glacial ice. The writer is inclined to believe that this 
estimate falls considerably short of the time which has actually 
elapsed. But if the estimate is within 25, or even 50 per cent 
correct, it gives one a broader basis from which to consider the 
geologic and physiographic history of Alaska since the with- 
drawal of the last great glaciers. At the time of its maximum 
extension Russell Glacier, according to Brooks, reached as far 
north as the mouth of Donjek River, about 130 miles beyond its 
present terminus. Its retreat over 90 per cent of this distance 
had therefore been completed 8000 years ago. 

This retreat of over 90 per cent of the distance must, how- 
ever, not be considered to represent 90 per cent of the, elapsed 
time since the retreat began. The withdrawal of the ice was 
probably a comparatively rapid one until the terminus with- 
drew to somewhere near its present position, and the terminus 
may have remained nearly stationary for a long while. This 
glacier was first seen in 1891 and has been visited at intervals 
since, and during the last 20 years its outer margin has changed 
but little. 

Various estimates have been made of the length of time since 
the Wisconsin ice sheet began to retreat. Chamberlin and 
Salisbury, after reviewing the evidence, place the time as some- 
where between 20,000 and 60,000 years. The determination 
made in the White River valley, at a point which was not bared 
until a large part of the retreat had been completed, is of the 
same order of magnitude as the figures gained from other widely 
different sources, and it therefore now for the first time seems 
safe to say that the last great ice advance in Alaska was con- 
temporaneous with the Wisconsin continental glaciation. 
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BOTANY.—A new genus of palms allied to Archontophoeniz. 
O. F. Coox, Bureau of Plant Industry. 


Apart from the several species of Phoenix and Cocos, only 
one pinnate-leaved palm is commonly planted in the open 
air in California. This is usually known as Seaforthia ele- 
gans, but has also been called Ptychosperma elegans, Archonto- 
phoenix alexandrae, and Archontophoenix cunninghamiana. As 
these names belong to other species they should not be applied 
to the palm grown in California. Reference of the plant in 
question to Ptychosperma or Seaforthia is excluded because 
the seeds are not sulcate. In this respect there is agreement 
with Archontophoenix, but other characters are divergent. 

One cause of confusion is that characters given by Drude, 
in Engler and Prantl’s Natiirlichen Pflanzenfamilien, as diag- 
nostic of Archontophoenix are not found in the type of that 
genus, A. alexandrae. These discrepancies relate to the form 
of the pistillode and the structure of the fruit. Acquaintance 
with the true Archontophoenix alexandrae was gained by the 
writer in 1905, at Cordoba, Mexico, fruit and seed of an in- 
dividual there studied agreeing closely with Mueller’s original 
description and figures,’ but differing from those of the familiar 
palm of California. For comparison with the genuine Seaforthia 
elegans ample material was afforded by palms studied in 1914 
at the Belize Botanical Station, British Honduras. The iden- 
tification of the latter material led to a recognition of the fact 
that the California palm was different from all of the species 
to which it had been supposed to belong. 

Taking into account the original description of Archonto- 
phoenix and the characters of the type species, the pistillode 
should not be described as short and pyramidal in Archonto- 
phoenix, but as having the same siender, elongate form as in 
Ptychosperma and Seaforthia. Nor does the seed of the true 
Archontophoenix alexandrae have an adherent endocarp, as stated 
by Drude. The endocarp is represented in Archontophoenix 
by a firm, bony shell, rather thin, but hard and brittle, and 


1 Fragm. Austr. 5: 47, pls. 43, 44. 
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readily separable from the seed. The raphe, instead of being 
broad and adherent, is a narrow, superficial strand of fibers, 
only slightly attached to the seed-coat. 

The characters assigned by Drude to Archontophoenix—the 
short pistillode, the thin adherent endocarp, and the broad, 
adnate raphe—are in fact possessed by the palm grown in Cali- 
fornia, and are among the features which interfere with its 
assignment to Archontophoenix. Although Archontophoenix, 
as originally described in 1875 by Wendland and Drude,’ was 
based upon Mueller’s Ptychosperma alexandrae, Drude’s later 
diagnosis seems to have been drawn for a different palm, perhaps 
the very species grown in California. The features of special 
interest in this comparison are summarized in the following 
key and diagnoses. 

ARCHONTOPHOENIX Wendl. & Drude. Flowers white or greenish; 
stamens 9-12, the anthers about twice as long as the filaments; pis- 
tillode with long slender style exceeding the stamens. Pistillate 
flowers with petals equal to the sepals and of the same form; sta- 
minodes wanting. Fruit elliptical, with a thin fleshy pericarp con- 


taining rather narrow needle-like, simple or forked, longitudinal fibers, 
adherent to the outer surface of a thin endocarp of bony palisade 


tissue, distinct and readily separable from the seed-coats. Seed erect, 
oval or elliptic, with pattern of the rumination apparent on the sur- 
face of the seed-coats. Raphe represented by a narrow, vertical, 
superficial strand of fibers, only slightly adherent to the seed-coats. 


Loroma Cook, gen. nov. 


Flowers purple or lilac, the staminate with strongly carinate sepals 
and valvate petals; stamens 12-16, with anthers about half as long 
as the filaments; pistillode conic-pyramidal, deeply trifid at apex, 
much exceeded by the stamens. Pistillate flowers with sepals broadly 
rounded, ecarinate; petals exceeding the sepals, very broadly imbri- 
cate, unequal, with a broad angular emargination on each side of a 
broadly triangular apex; staminodes present, represented by a circle 
of six minute rudimentary filaments. Fruit subglobose, the pericarp 
supported by a layer of broad, flat, strap-like, slightly anastomosing 
fibers and an underlying layer of coarse-celled tissue closely adherent 
to the surface of the seed except at the base and apex, with no indication 
of a bony endocarp or shell of palisade tissue. Seed somewhat ob- 
liquely depressed at apex, the raphe represented by a broad vertical 
band of strongly adherent fibers, partially embedded in the seed- 
oars Albumen rather deeply and coarsely ruminate; embryo erect, 
vasal. 


? Linnaea 39: 214. 
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The derivation of the generic name refers to the strap-like form of 
the fibers surrounding the seed. In addition to the type, Loroma 
amethystina, known from cultivated plants in California, a second 
species, Loroma cunninghamiana (Ptychosperma cunninghamiana 
Wendl.), from northern Australia, is referable to this genus. 


SYNOPTICAL KEY TO LOROMA AND ALLIED GENERA 


Pistillode of the staminate flower similar to the fertile pistil, bearing 
three distinct rudimentary stigmas, these much exceeded by the stamens; 
seed protected by a layer of broad, strap-like fibers 

Pistillode unlike the fertile pistil, bearing a long filiform style, this 
exceeding the stamens; seed with a coat of slender fibers............ 


1. Seeds oval, the surface even, without longitudinal furrows, en- 
closed in a thin bony endocarp, readily separable from a distinct woody 
seed-coat ARCHONTOPHOENIX. 


1. Seeds with distinct longitudinal furrows, both endocarp and 
seed-coats thin and membranous....................200eeeeeeees 2. 


2. Trunk extremely slender; leaves with remote pinnae; filaments 
shorter than the anthers; fruits oblong-oval, very strongly apicu- 
PTYCHOSPERMA. 


2. Trunk moderately robust; leaves with crowded pinnae; filaments 
longer than the anthers; fruit spherical or somewhat depressed, slightly 
apiculate SEAFORTHIA. 


The type of the genus Loroma is L. amethystina, cultivated in Cali- 
fornia, probably from Australia; of Archontophoenix, A. alexandrae 
(Mueller) Wendl. & Drude, from Australia; of Ptychosperma, P. gragilis 
Labill., from New Caledonia; of Seaforthia, S. elegans R. Br.; from 
Australia. 


Loroma amethystina Cook, sp. nov. 


Trunk attaining a height of 8-10 meters and upward, the largest 
trunks about 30 cm. in diameter at the base, tapering above to 15-20 cm. 

Leaf sheath 96 cm. long, the outer surface reddish, with numerous 
purplish-brown scales; texture rather thin, but tough and leathery. 
Petiole 9 cm. long, 4 cm. wide. Blade 2 meters long and more, with 
70-80 pinnae on each side, the basal and terminal pinnae much nar- 
rower and shorter than the others. Lowest pinnae 24 cm. long, 0.4 
em. wide, or sometimes only 0.2 cm. wide; fifth pinnae 36 cm. long, 
1.3 cm. wide; middle pinnae about 80 cm. long; 4.5 cm. wide; sub- 
terminal pinnae about 30 cm. long, 1.4 cm. wide; terminal 1 cm. wide. 
Midribs of pinnae with long. coarse scales beneath. Rachis triangular, 
convex below, sharply carinate above, the insertions of pinnae very 
deeply folded. Tips of leaves very slender and drooping, usually 
turned on edge (as in Attalea cohune or Phoenix canariensis). 

Inflorescences developed in the axils of living leaves, but not ap- 
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pearing until the leaves fall, the spathes opening as soon as released 
by the falling of the leaf, and the flowers soon after. Spathes 2, of 
nearly equal length, strongly compressed, white and of very thin 
delicate texture, their protective function being performed by the 
leaf-sheaths. Newly opened inflorescences deep purple in color, the 
flower buds much more crowded than in Seaforthia elegans, the branches 
covered with a short close pubescence or scurf, this at first creamy 
yellow, changing to light sulphur yellow, then fading to white. Flow- 
ering branches simple, about 60 cm. long, strictly pendent almost 
from the first, not erect-spreading or merely drooping from the weight 
of the fruits as in Seaforthia elegans and other allied genera. 

Flowers purplish-pink throughout, including the petals, the fila- 
ments and the connective of the anthers, and the pistillodes, but the 
anthers and pollen uncolored. Sepals broadly imbricate, acutely 
angled at apex and with a strong median carina, the fleshy basal por- 
tion somewhat pinkish. Petals rather stiff and horny, translucent 
when fresh, and with an abruptly thickened, transverse, fleshy pul- 
vinus at base. Stamens 12-16, usually 13-15, often with some of the 
filaments double. Pistillode about half the length of the filaments, 
not produced into a long filiform style, but with 2 or 3 divergent prongs, 
these usually unequal (or only one, the others rudimentary), sometimes 
united with one of the filaments, inserted with the filaments at the 
apex of a broad, turbinate cushion of loose, spongy texture. 

Fruits subglobose, coral pink, 12 mm. long, 11.5 mm. wide; stigma 
subapical, borne on a slightly elevated rim; epidermis smooth or with 
slight, scattered, raised points; pericarp fleshy, thin, less than 0.5 
mm. thick, supported by a firmer layer containing numerous broad 
band-like fibers adhering to form a shell-like coat separable with diffi- 
culty from a less fibrous layer of marbled white and coarse red cells 
underneath, this marbled layer strongly adherent to the thick brownish 
seed-coat and often entering deeply into the ruminations. No layer 
of bony palisade tissue under the fibers as in Archontophoenix. 

Seeds subglobose, 10 mm. in diameter when fresh, somewhat ob- 
liquely depressed or flattened above, slightly broader than long, not 
sulcate, slightly flattened at the base, but not provided with adherent 
basal and apical cushions as in Seaforthia. Surface of seed with an 
adherent fibrous layer, the raphe represented by a broad band of ver- 
tical embedded fibers. Albumen of rather soft, loose texture, with 
deep and irregular ruminations, broader and less numerous than those 
of Archontophoenix alexandrae, extending about half way to the center 
of the seed. Color of ruminations in fresh seeds pale yellowish brown, 
becoming rusty brown in dry seeds. Embryo erect, exactly basal. 

The type specimen, no. 694813 in the U. S. National Herbarium, 
was collected at Santa Barbara, California, by the writer, November 
11, 1914, the type individual being one of several unusually fine palms 
in the collection of Mr. C. B. Hale, under the care of Mr. W. H. Morse. 
The specimen consists of branches of an inflorescence, with unopened 
flowers and ripe fruits. The characters and measurements of the 





120 COOK: A NEW GENUS OF PALMS 


trunk, leaves, and the mature flowers were drawn from a palm stand- 
ing at the side of the Court House in San Diego, California. 

This species, or at least a member of this genus, is represented 
also in the Economic Herbarium of the U. 8S. Department of Agri- 
culture by two vials of dried fruits from Australia, one from Baron 
von Mueller, formerly director of the Botanical Garden at Melbourne, 
and the other from Dr. J. H. Maiden, Director of the Botanical Garden 
at Sidney, the latter received as Ptychosperma elegans (S. P. I. No. 
132). These two lots, which are very closely alike, differ from the 
typical material in having the strap-like fibers somewhat narrower 
and more frequently branched. Fruits from the Philippine Islands, 
collected by Mr. H. Boyle, are somewhat smaller than those from 
Australia. 


Nothing has been learned regarding the introduction of Loroma 
into California, but its botanical relationships indicate that it is a 
native of northern Australia, along with the true Seaforthia elegans 
and Archontophuvenix alexandrae. Though both of these palms have 
been reported very frequently from California, their existence there is 
not certain; the confusion of names would naturally obscure the need 
of introducing genuine examples of the species. The newly recognized 
type is a distinctly larger and more robust palm than the true Sea- 
forthia elegans, but smaller and more slender than the true Archonto- 
phoenix alexandrae, which is more similar in general appearance to the 
royal palms of the American tropics. 

The habit of the inflorescences to remain enclosed in the leaf-bases, 
and thus secure protection till the time of flowering, may be con- 
sidered as an adaptive specialization. The very soft thin texture of the 
spathes indicates that these have little or no protective function. In 
the case in which it was possible to observe the sequence of events the 
spathes opened on the same day that the old leaf fell off; the blade 
of the leaf was dead, but the tissue of the basal sheath was still rather 
fresh. 

Flowers in alcohol showed on the next day a notable brown dis- 
coloration of the petals and filaments, but the anthers remained white. 
The change of color seemed to be dependent on exposure to the light, 
or to the air in the bottle. Flowers on the under side of the mass were 
scarcely changed, the delicate pink tint still appearing fresh. The name 
chosen for the species alludes to the very attractive color of the flowers, 
which is rather unusual among palms. 

In attempting a specific identification of the cultivated palm just 
described almost as many difficulties were encountered as with the 
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generic designation. Its reference to Loroma cunninghamiana would 
appear to be justified by some descriptions, but the type of this species 
seems to have been a smaller palm and different in other respects. 
The case is complicated at the beginning by the fact that the two 
original accounts of this species, by Hooker and Wendland, do not agree. 
Hooker’s description and plate, published in 1857,? under the name 
Seaforthia elegans, indicate a relatively small, slender palm with a 
broad flat crown of horizontal spreading leaves, and about 30 pinnae 
on each side of the midrib. The form of the leaves appears to be 
oblong, with little indication of the extreme reduction of the pinnae 
at the base and tip, or of the tendency of the leaves to stand erect 
and turn on edge, as shown in Loroma amethystina. This individual 
had been raised at Kew from seed sent from northern Australia by 
Allan Cunningham, but no definite locality was given. 

The most obvious discrepancy is that Wendland, in proposing the 
new name Ptychosperma cunninghamiana,‘ gives the number of pinnae 
as 55-65 on each side of the rachis. It appears that Wendland had 
a palm in his garden in Germany that had been considered as dis- 
tinct from Ptychosperma elegans; but the new species was not named 
until after Wendland had visited Kew and seen the palm that had 
been raised from Cunningham’s seed—the individual figured by Hooker 
as Seaforthia elegans. In naming the species Ptychosperma cunning- 
hamiana and referring to Hooker’s plate as the only published illus- 
tration, Wendland must be considered to have adopted the Kew palm 
as the type of his species. Yet it is difficult to believe that a botanical 
drawing made at Kew would have failed to show an approximation 
to the correct number of pinnae. The possibility that Wendland 
studied a different palm in Germany and included some of its characters 
in the description naturally suggests itself. 

A color difference is indicated in Hooker’s account of the flowers, 
which are described as “a pale, dull lilac,” instead of a rather bright 
pinkish purple, as in L. amethystina. The staminodes also appear 
much larger in Hooker’s drawing than in the type of L. amethystina. 
Hooker states that the palm was “said to attain a height of 30 feet 
in its native country,” while Wendland and Drude, in transferring the 
species to Archontophoenix in 1875,' give the height as 40-60 feet, 
and add several other particulars that may not relate to the original 


* Curtis’ Bot. Mag. III. 18: pl. 4961. 
‘ Bot. Zeit. 16: 46. 
5 Linnaea 39: 214. 
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cunninghamiana, and yet are not altogether in agreement with amethys- 
tina. The pinnae are said to attain a length of 80 cm. and a width 
of 7 cm. The length of the pistillodes is given as 3-4 mm., and the 
filaments 2-3 mm.; whereas in amethystina the filaments are about 4 
mm. long and the pistillodes only 2-3 mm. The length of the inflo- 
rescence is given as about 60 cm., with the ultimate divisions 30 cm. 
long; while the inflorescences of amethystina are over a meter long, with 
the flowering branches 60 cm. long. Wendland states that there are 18 
stamens in cunninghamiana and Hooker’s plate shows 18. The flowers 
of amethystina collected at San Diego usually had less than 15; over 
twenty flowers were examined without finding more than 16 stamens. 

In view of these differences it has seemed desirable to recognize 
the California palm as a distinct species, instead of attempting to base 
the new genus on a species whose characters are so largely in doubt. 


BACTERIOLOGY.— Bacillus abortus in market milk. Aticr C. 
Evans, Dairy Division, Bureau of Animal Industry. Com- 
municated by L. A. Rogers. 

An organism of considerable interest which occurs commonly 


in milk is that which causes contagious abortion in cattle. In 
1911 Schroeder and Cotton' reported this organism to be com- 


mon in milk. They demonstrated its presence by the inoculation 
of guinea pigs. Whenever Bacillus abortus was present in the 
milk there was & slow development of lesions which resembled 
those of tuberculosis. This organism has been shown to be 
pathogenic for all kinds of laboratory and domestic animals. 
Whatever may be its effect on human health is unknown; but in 
view of its pathogenicity for animals it will naturally be re- 
garded with some suspicion in its relation to human health until 
its nonpathogenicity has been demonstrated. Interest in this 
direction has been stimulated by the work of Larson and Sedg- 
wick,? who reported a large percentage of positive results in a 


1 Schroeder, E. C., and Cotton, W. E. The bacillus of infectious abortion 
found in milk. U. 8S. Dept. of Agric. Bur. of Animal Industry, 28th Annual 
Rpt. 1911. 

? Larson, W. P., and Sedgwick, J. P. Complement deviation reaction in the 
blood of children using the Bacillus abortus as an antigen. Rpt. of the Annual 
Meeting of the American Association of Medical Milk Commissions. 1913. 
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series of complement deviation tests with the blood of children 
in which the abortion bacillus was used as an antigen. 

So far as the writer is aware, no bacteriological methods have 
been described by which B. abortus can be demonstrated in milk, 
and no data have been reported to show the numbers of these 
organisms which may be present. Therefore, a detailed de- 
scription of a method by which B. abortus may be isolated from 
milk and identified may be useful at this time. 

The milk is plated on ordinary lactose agar, to which there is 
added just before pouring into the plate, at a temperature of 
about 50°C., 10 per cent of sterile blood serum. After incu- 
bating for four days at 37°C., a certain area of the plate, large 
enough to include several colonies of B. abortus, should they be 
present, is selected, and the colonies are transferred to a nutrient 
broth containing 1 per cent of glycerine. Colonies from a 
similar area are transferred to tubes of whole milk containing 
litmus. The growth in the glycerine broth is quite characteris- 
tic: There is a medium amount of growth in tiny, compact, 
spherical masses which settles to the bottom of the tube and does 
not cloud the broth. In litmus whole milk there is an abundant 
growth in the cream layer, with a gradual development of acid. 
Cultures in litmus milk from which the cream has been removed 
grow sparingly, with no apparent effect. On plain infusion 
agar slopes the growth is in very small, separate colonies, which 
are scattered over the whole surface of the slope, if it happens to 
be moist at the time of inoculation; or the colonies are confined 
to a ribbon-like growth along the line of inoculation, if the agar 
is comparatively dry when inoculated. 

Cultures which were isolated by the above method agreed in 
all essential points with the descriptions of B. abortus found in 
the literature. This organism is a small rod-shaped bacterium 
about 0.5 uw in width, and with a length sometimes of 3 ». But 
the cells are often so short as to appear almost coccoid in form. 
Growth in ordinary media is very sparing or may not take place. 
The carbohydrates and related substances which many bacteria 
ferment are not attacked, with the exception of glycerine, which 
serves as a food, but is not broken down with the formation of 
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appreciable amounts of acid. Five per cent bile added to or- 
dinary media favors growth. Several cultures which have been 
isolated from milk were sent to Dr. Lothe, of the University of 
Wisconsin, who reported positive reactions to the complement 
fixation test in the presence of B. abortus amboceptor. 

In a study of the bacteria of the udder samples of milk which 
were drawn aseptically have been examined from four herds. 
Out of the samples of milk taken from 14 cows of one herd, B. 
abortus was shown to be present in the milk from 5 of the cows, 
in numbers up to 50,000 per cubic centimeter. Samples of 
milk were taken from 40 cows of another herd. These cows 
are under the constant supervision of a veterinarian, and it is 
the aim of the dairyman in charge to supply to the institution 
which owns the herd milk equal to that from the best certified 
dairies. 8B. abortus was shown to be present in two out of the 40 
samples; in both of which cases there were about 4,000 of these 
bacilli per cubic centimeter. It is almost certain that the 
results obtained from the milk from these two herds falls short 
of showing the actual number of 8B. abortus present, for this 
part of the study was made before the method which favors the 
isolation of this organism was perfected, as described above. 

Samples of milk from two certified dairies in another region were 
studied according to the method given. Out of 22 samples 
taken at one of these dairy farms, 7 were shown to contain B. 
abortus in numbers ranging from 180 to 800 per cubic centi- 
meter. Out of 24 samples taken at the other dairy farm, 7 were 
shown to contain B. abortus in numbers ranging from 110 to 
4,300 per cubic centimeter. Considering together all the samples 
taken at these two certified dairies, 14 out of 46, or about 30 
per cent, were shown to contain B. abortus. 

Two bottles of certified milk were purchased in market, kept 
at room temperature for about six hours, and then plated on the 
serum agar. About 28,000 of the abortion bacilli were shown 
to be present in the cream layer of one sample, and about 1,900 
in the cream layer of the other sample. In both samples the 
number of B. abortus was about 25 per cent of the whole number 
of bacteria. 

A simple experiment was planned to show whether the in- 
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creasing amounts of lactic acid in milk not carefully handled 
might check the multiplication of B. abortus. The results showed 
that lactic acid added to the milk to bring the acidity to 0.4 
per cent had no effect upon the multiplication of these organisms 
in the cream layer. 

Bacillus abortus is characteristically an organism infecting 
cream. Since glycerine has been shown to be one of a very few 
food substances which it can utilize, and inasmuch as growth takes 
place slowly, with no apparent effect in litmus milk from which 
the cream has been removed, but is abundant in the cream layer 
of whole milk, with the production of acid, the facts suggest that 
the butter fat is broken down to obtain the glycerine and that 
the fatty acids thus liberated increase the acidity of the milk. 
Chemical determinations will be made to prove or disprove this 
theory, and the results will be included in a detailed report of 
the various bacteria occurring in the udder. 


ZOOLOGY .—On certain aspects of the bathymetrical distribution 
of the recent crinoids. Austin H. CuarK, National Museum.! 


In bridging the gap which lies between the conclusions deduced 
from the facts gathered through the study of palzontology— 
which gives us a more or less detached series of instantaneous 
flat views of local littoral conditions covering an immense period 
of time—and the conclusions deduced from the facts accumulated 
through the study of marine zoédlogy—which permits a prolonged 
examination of a single stereoscopic view—the two prime requi- 
sites are: (1) to discover some means of adding geographical and 
bathymetrical perspective to each of the paleontological pic- 
tures, and (2) to discover some means of calculating geological 
time based upon the internal characters of the recent animal 
groups without reference to their fossil representatives. 

The comparison between recent marine types and their fossil 
representatives, while yielding results of the greatest value, is 
open to two objections: (1) it necessarily takes no account of the 
ability of many types to persist in specially restricted localities 
where they stand little or no chance of preservation, yet where 


1 Published with the permission of the Secretary of the Smithsonian Institu- 
tion. 





126 CLARK: BATHYMETRICAL DISTRIBUTION OF CRINOIDS 


there is possible an unbroken organic continuity extending 
through long periods of geological time, as in the case of the 
elasipod holothurians, certain anemonies, and many annelids, 
known only from the Cambrian and from the recent seas; and 


(2) it fails to emphasize the significance of the gradual differen- 
tiation in the conditions 


of marine life as a result 
of which many organ- 
isms, originally living 
together under the same 
cecological surroundings, 
have during geological 
time travelled gradu- 
ally, and increasingly, 
diverging paths, so that 
now they have become 
widely separated from 
their original compan- 
ions, like the phyllopod 
\ crustaceans, certain 

marine worms, and the 
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in depth, expressed as a percentage of the total 
range, and the average depth of habitat, ex- S&S. 
pressed as a percentage of the mean depth of As yet we have not 
habitat, together with the average range in sufficient information at 
depth expressed as a percentage of the average . 

“ : . . 6° hand to permit us to 


depth of habitat. 
state with certainty that 

we shall ever be able to determine time factors of paleonto- 
logical value from the study of the recent marine animals alone; 
but we have enough data to be able tentatively to suggest cer- 
tain lines of procedure by which it may be possible in the future, 
when our knowledge of the present marine fauna is more detailed, 
to classify with more or less accuracy the various animal groups 
according to their comparative geological antiquity. 

In the following lists are given for the subfamilies and higher 
groups of recent crinoids: 
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(1) The average range in depth expressed as a percentage of 
the total range in depth. 

(2) The average depth of habitat expressed as a percentage 
of the mean depth of habitat. 

(3) The average depth of habitat expressed as a percentage 
of the average range in depth. 


Average range Average depth Average depth 
in depth ex- of habitat ex- of habitat ez- 


pressed in per 
cent of total 
range. 

per cent 


pressed in per 
cent of mean 
depth. 

per cent 


pressed in per 
cent of average 
range. 

per cent 


POURING 585b 5 os Res 14 4l 144 
PENTACRINITIDE............ 15 28 77 
re 15 27 90 
Oligophreata 10 15 70 
Comasteride.......... 18 23 63 
Capillasterine 23 37 81 
Comactiniine....... 62 62 50 
Comasterinze 64 64 50 
Zygometridze 49 66 66 
Himerometridze : 73 66 
*Stephanometride 100 49 
Mariametridz 62 58 
Colobometridze 46 71 
*Tropiometride 100 50 
Calometridz 61 72 
Thalassometridz 34 68 
Ptilometrinz 72 98 
Thalassometrine... . 42 67 
Charitometrideze 69 91 
Macrophreata 46 96 
Antedonide 28 71 
Antedoninse 52 
Thysanometrinz. .. . 64 
Zenometrinze 82 
Perometrinez........ 85 
Heliometrinz 60 
Bathymetrine 75 
Pentametrocrinide..... 69 
Atelecrinidze 
Pentacrinitida 
APIOCRINIDZ 
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It should, perhaps, be emphasized that, strictly speaking, the 
bathymetrical distribution of any animal type is of itself without 
biological significance. The only factor correlated directly with 
increase in depth, other than the decrease in illumination in the 
upper strata, is the increase in pressure, and increase of pressure 
has never been shown to exert any appreciable influence on the 
distribution of the higher invertebrate types either directly, or 
indirectly through the inhibition of the physiological processes. 

The determining factor in the bathymetrical distribution of 
marine animals is the decrease of temperature with depth, and 
the study of the bathymetric distribution of any large group not 
directly dependent upon plants for food is in reality the indirect 
study of its thermal distribution... As our temperature observa- 
tions in any one group are usually comparatively few, while our 
bathymetrical records are numerous, we are able to discuss to 
advantage the bathymetrical. distribution of the component 
types in any unit, while at the same time we are unable to con- 
sider similarly the thermal distribution of the same types. But 
we must always remember that in discussing the bathymet- 
rical distribution of a subfamily or higher group we are really 
considering its thermal distribution, and our bathymetric 
records may be readily transposed into thermal records by means 
of comparisons with tables showing the decrease in the tempera- 
ture in the sea according to latitude and depth. 

The average range in depth of the families of recent crinoids 
(excluding the Stephanometride, Tropiometride and Holopo- 
did, monotypic, and the Apiocrinide and Phrynocrinide, in- 
sufficiently known), calculated as the average of the ranges of 
all of the included genera, represents a very varying percentage 
of their total range—from 23 per cent in the Capillasterine to 
71 per cent in the Pentametrocrinide. 

The sequence of the families according to the relation of the 
average to the total range in depth is as follows: 
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. : per cent per cent 
Capillasterine 23 Atelecrinide................ BD 
Sonamnetring:............... Mariametride.............. 


Thalassometrine Himerometride............. 
Colobometrid#.............. Bourgueticrinide 
Charitometride Antedoninze 

Heliometrine Thysanometrine 
Piilometfine®................ Comactiniing............... 
Plicatocrinide............... Perometrinze 

Calometride Comasterine 
Pentacrinitida.:............. Bathymetrine 
Zygometride................ 49 Pentametrocrinide.......... 

Average for all families 48 per cent. 

From this list it is evident that there is no definite corre- 
spondence between the relation of the average to the total range 
and the systematic scheme, for closely related families, such as 
the Capillasterinez and the Comasterine in the Oligophreata, and 
the Bathymetrine and the Zenometrine in the Macrophreata, 
occur at opposite extremes. 

But it is interesting to observe that it is within the interval 
41 per cent to 54 per cent, a range of only 27 per cent, or a little 
more than one-fourth, of the total range, that the families Pli- 
catocrinide, Calometride, Pentacrinitida, Zygometride, Atele- 
crinide, Mariametride, Himerometride and Bourgueticrinide 
fall, these eight families, the average range of which is 48 per 
cent, or exactly that of all of the crinoid families together, includ- 
ing not only all of the stalked types, but also the Zygometride, 
the only comatulid family satisfactorily represented as a fossil, 
and the Atelecrinide, the only comatulid family in which the 
primitive basals persist in the adult. In other words, We find 
here all of the families of which we possess any definite paleeonto- 
logical history. 

This would suggest that in ancient types still persisting the 
normal condition is for the average range of all the genera in 
any given family to be about one-half the total range of the 
same family, while in the later types there is a departure toward 
both extremes. 

Within the first half of the list there are 7 oligophreate, 2 
macrophreate and 2 stalked groups; within the second half 4 
oligophreate, 6 macrophreate and 1 stalked groups. 
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The families toward the beginning of the list are chiefly fami- 
lies with a comparatively large temperature range; that is, in 
which one genus has extended itself into water considerably 
warmer or (usually) colder than the optimum for the family; 
while those toward the end of the list are largely families which 
cover a comparatively small temperature range, but which, 
however, may be confined either to cold or to warm water. 

A family confined either to very cold or to very warm water 
would be in almost all cases a family of comparatively recent 
origin, for the coldness of the abysses and the warmth of the tropi-, 
cal littoral are themselves of comparatively recent origin. Also 
a family with a large temperature range would be of compara- 
tively recent origin (or at least development) for the temperature 
of the ancient seas was fairly uniform. 

Thus we should expect the more ancient types to occur at or 
near the centre of our series. 

If we consider the families which are confined to a depth less 
than 1000 fathoms in contrast to those which occur below 1000 
fathoms we find that the two groups are as follows: 


Not occurring below 1000 fathoms. Ranging to below 1000 fathoms. 


Capillasterine............... Zenometrine 
Colobometride.............. Thalassometrinze 
PPOROMNETEND. . 5. ee Charitometrine 
Calometride Heliometrine............... 
Zygometrid#................ Plicatocrinide 
Atelecrinide Pentacrinitida 
Mariametride............... Bourgueticrinide 
Himerometride.............. Bathymetrine.............. 
Sree errr Pentametrocrinide 
Thysanometrine 
Comactiniine 
Perometrine 
Comasterinze 

Average Average 


Each group has approximately the same range, and approxi- 
mately the same average, and neither appears to possess any 
distinctive characters. 

Similarly if we compare the families the total range of which 
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is less than 1000 fathoms with those in which it is greater we find 
that neither group possesses any marked characteristics. 


Ranging more than 1000 fathoms. Ranging less than 1000 fathoms. 


Thalassometrinze 29 Capillasterinz 
Charitometride Comactmmas. ........<4..5.. 
NR SS ngs Ghia SS Comasterinsze 


Heliometrinze Zygometridz 
Bathymetrine............... Himerometridze 


Pentametrocrinide Mariametridz 
Pentacrinitida............... Colobometridze 


Bourgueticrinide Calometride 

Plicatocrinidze Ptilometrinze 
Antedoninz 
Thysanometrin#............ 
Perometrinze 
Atelecrinidz 


Average Average 


But if we consider the larger groups we are at once struck 
by the fact that of two comparable types the more highly spe- 
cialized always shows a much lower figure than the more primi- 
tive, the figure for the former being only from 28 per cent to 41 
per cent (with the average 35 per cent, or little more than one- 
third) of the figure for the latter. In the following list four 
strictly comparable groups are given: 


More specialized More primitive 
per cent per cent per cent 


Articulata 14 Inadunata 41 (34) 
Pentacrinitide Bourgueticrinide... 54 (28) 
Comatulida Pentacrinitida (32) 
Oligophreata Macrophreata (41) 


This is due to the great predominance of the more specialized 
and more recent types in the warm shallow water, from which 
they have not as yet spread into the deep sea, but from which, 
through their superior economic equipment, they have to a 
greater or lesser extent extirpated the preceding less specialized 
and more ancient forms which, persisting chiefly, therefore, in 
the deeper and consequently cooler and more uniform water, 
naturally show much greater generic ranges, and consequently 
higher percentages representing the mean range as compared 
with the total range of any one family. 
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In this connection it must be borne in mind that the crinoids 
are confined to clear water of a comparatively slight range in 
salinity and in composition, and with a very low maximum of 
silt. They therefore are unable to exist in many of the locali- 
ties in which other ancient types, such for example as Artemia, 
Xiphosura and Lingula, find a safe refuge from more efficient 
competitors, with the result that each succeeding type is neces- 
sarily brought into direct and intimate contact with the greater 
part, or even all, of its predecessors. 

A comparison between the average depth inhabited by each 
group (excluding the Stephanometridez, Tropiometride and 
Holopodidx, monotypic, and the Apiocrinide and Phrynocrinidea, 
imperfectly understood) calculated as the average of the mean 
depth of all of the component genera (or higher groups), and the 
mean depth of each group as represented by the mean between 
its two extremes, expressed as a per cent obtained by dividing 
the former by the latter, gives the following. figures: 

: per cent per cent 
Antedonide................. 28 | Zygometride 
Capillasterine............... 37 Charitometridze 
ZenomewiMes..............25 BO Ptilometrine 
Thalassometrinze 42 Thysanometrinze 
Colobometride.............. 46 Himerometride............ 
Heliometrinz 48 Perometrine 
EEO, Bourgueticrinidze 
Calomotridie................ Pentametrocrinidze 
Mariametride............... Bathymetrine 
Comactiniinz Plicatocrinide 
Comastering................ Atelecrinide 

Average 66 per cent 

Contrasting older and less specialized with more recent and 

more specialized groups, we have: 


More specialized More primitive 
per cent 


Articulata 41 

Pentacrinitide Bourgueticrinide 
6 Ee Pentacrinitida 
Oligophreata Macrophreata 


The groups including stalked species show the following 
relationship : 
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per cent 
Pentacrinitide 
Pentacrinitida 
Bourgueticrinide 
Plicatocrinidze 

It is evident from the preceding two tables that the average 
depth of the habitat of all the genera of any group among the 
more highly specialized types is only a comparatively small 
fraction of the mean depth of the group as a whole, and that this 
fraction increases with the age and with the progressive decrease 
in the specialization of the group, reaching, in the chiefly palzo- 
zoic Inadunata, 97 per cent. It is, of course, also high in highly 
specialized groups confined to a very small range in depth, such 
as the Perometrine, Himerometride and Thysanometrine. 

Any new or very vigorous group continually gives rise to new 
forms in the region most favourable for their existence, namely the 
littoral or sublittoral zones. The existence of a number of such 
juvenile types within a vigourous group therefore lowers the aver- 
age depth of the group, which is consequently far less than the 
mean depth. But in the older mature or senile groups the for- 
mation of new types in the littoral is inhibited through group 
senility, and prevented by the occupation of the available eco- 
nomic territory by types derived from more specialized and 
more efficient stock. Therefore, theoretically, the older and 
less specialized the group the closer should the average depth 
approach the mean. 

In the Atelecrinide the average depth exceeds the mean depth 
by 25 per cent; but we know only two genera of this family, one 
merely from a single specimen of a single species taken only 
once, in 907 fathoms. This family should therefore be disre- 
garded in forming general conclusions. 

Putting aside the Atelecrinide as insufficiently known, it 
appears to be demonstrable that no crinoid type ever originated 
in the deep sea, for if such had ever been the case the primarily 
abyssal types should be immediately disclosed through showing 
an average depth of habitat considerably greater than the mean 
depth. 

The approximation of the average to the mean depth in. the 
older types, taken in connection with what we know in regard 
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to the association of genera in the older horizons, suggests 
that the older types not only possessed a very limited range 
of possible creative evolution and development, but that, in 
contrast to the later types, the new forms which they gave off 
were not adapted to meet special conditions, but rather to exist 
side by side with the parent types, utilizing the excess of avail- 
able food. As would be expected, a small number of the groups 
of the present day (for instance the Comasteridz) appear to be 
giving off, or attempting to give off, new types in this way. 

The series of figures showing the average range expressed 
as a percentage of the average depth suggest that in the older 
and less specialized groups the tendency is for the average range 
to equal or to exceed the average depth of habitat, but in the 
more recent and more specialized types to be less. The figures 
(which are given in the following tables) are, however, not 
conclusive. 

per cent per cent 
ee Colobometridze 
Comactiniine 50 Calometridze 
Antedoning................. 52 Bathymetrine 
Mariametride............... Bourgueticrinidze 
Heliometrinez................ Capillasterine............. 
Thysanometrine Zenometrinz 
Himerometride Perometrinz 
Zygometridze Charitometride 
Pentacrinitida Ptilometrine 
Thalassometrine Plicatocrinide 
Pentametrocrinide Atelecrinide 
Average 


Contrasting the more specialized with the less specialized 


types: 
per cent per cent 
7 EE eee Inadunata 
Pentacrinitide Bourgueticrinide 
Comatulida Pentacrinitida 
Oliophreata Macrophreata 
Average Average 


Considering the groups including stalked forms: 
per cent 
Pentacrinitide 
Pentacrinitida 
Bourgueticrinide 
Plicatocrinide 





PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


THE PHILOSOPHICAL SOCIETY OF WASHINGTON 


The 746th meeting was held on November 21, 1914, at the Cosmos 
Club, President Fiscuer in the chair; 31 persons present. 

Mr. W. P. Wuirte presented a paper on Electric pendulums and 
pendulum contacts. Most methods of driving a pendulum can be 
adequately represented mathematically by supposing that the posi- 
tion of equilibrium is shifted for a longer or shorter time. If the de- 
vice acts by means of a spring, it may be necessary also to consider 
that the periodic time of the pendulum is altered through part of its 
vibration. The resulting effect upon the motion of the pendulum can 
very readily be handled by means of the circle of reference. A change 
in the position of equilibrium is then graphically represented by con- 
tinuing the line along a new circle whose center is shifted accordingly. 
By the application of this method it is possible to show that, while a 
strong impulse communicated to the pendulum as it passes through the 
equilibrium position is a satisfactory method of increasing its energy 
without affecting its period, yet the variation of the effect upon the 
period which may occur as a result of varying amplitude is often less 
when the pressure is changed from an impulsive one to one acting 
for half the time of the swing. The two best forms of electric drive 
appear to be: (1) that in which the drive is purely electric and is due to 
an induced current which can both be made almost strictly impulsive 
and very constant; and (2) an electrically operated arrangement in 
which the pendulum, as it swings, raises and lowers a light weight. 
The paper was discussed by Mr. C. A. Briaes. 

Mr. E. Buckineuam then spoke on The principle of dimensional 
homogeneity and the form of physical equations. Reasoning based on 
the consideration of the ratios, in any two stages of a physical phenome- 
non, of the quantities involved in it as variables, shows that the phys- 
ical equation which describes the phenomenon by describing the 
characteristic relation among the quantities, must necessarily have a 
certain simple general form. This form is dimensionally homo- 
geneous. No use is made of the other known relations among quanti- 
ties of the kind in question, so that the result does not depend upon 
the use of an absolute system of units but is true when the units of 

«measurement are all completely arbitrary and independent. If such 
relations are utilized and all measurements are made in terms of abso- 
lute units, the necessary general form of a physical equation may be 
still further specified, and it reduces to a form given by the speaker 
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at a former meeting of the Society, when the principle of dimensional 
homogeneity was assumed and used as a starting point. The paper 
was discussed by Messrs. HaNsEN, AGNEW, and DovuGLas. 


The 747th meeting was held on December 5, 1914, at the Cosmos 
Club, President Fiscner in the chair; 70 persons present. 

By invitation, Prof. W. S. Franxuin, of Lehigh University, ad- 
dressed the Society on Some phenomena of fluid motion and the curved 
Slight of a baseball. The steady curvature of path of a rapidly spin- 
ning baseball was explained on the basis of the principle enunciated 
by Daniel Bernoulli in 1726, viz., in a stream of water, or air, the 
pressure is high where the velocity is low, and the pressure is low where 
the velocity is high. The principle and its application in fluid motion 
were illustrated both by lantern slide diagrams and experiments. The 
“spit-ball” was also explained by the same principle. In the course of 
the lecture the speaker, in an interesting digression, raised question .as 
to the strict validity of the law of cause and effect. The paper was 
discussed by Mr. Witzy, who cited several phenomena in his own 
experience during wind storms that could be explained by Bernoulli’s 
principle, and by Mr. Humpureys, who asked as to the explanation 
of the principle. Professor FRANKLIN then discussed some of the limi- 
tations of the principle. The best point of view in explanation is that 
of conservation of energy. 

The chair expressed to the speaker the thanks of the members and 
guests for his interesting lecture and experiments. 


The 748th meeting (44th annual meeting) was held on December 
19, 1914, at the Cosmos Club, President Fiscuer in the chair; 24 
persons present. 

The report of the secretaries was read by Mr. AcNnrw, showing an 
active membership of 144. Sixteen regular meetings have been held. 
The report was ordered accepted. The Treasurer’s report, dated De- 
cember 16, 1914, was read by Mr. Sosman. The total receipts for the 
year were $3078.77, including proceeds from sales of investments; 
total expenditures, $3151.20, including purchases of bonds of par 
value $2500; total investments. $11,500; cash in hand, $454.72. The 
report was ordered accepted. The report of the Auditing Committee, 
consisting of Messrs. WuiTrr, KimpaLt, and FERNER, was read by 
Mr. Wuitr. This Committee reported the statements in the Treas- 
urer’s report to be correct. The report was ordered accepted. It 
was moved and passed that the reading of names of members entitled 
to vote be omitted. Messrs. F. J. Bates and C. A. Brices were 
appointed tellers. The following officers were duly elected for the 
ensuing year: President, W. S. E1caeLBerGcErR; Vice-Presidents, L. J. 
Brices, Wm. Bowir, G. K. Burcsss, and W. J. Humpureys; Secre- 
taries, J. A. Fuemine and P. G. Agnew; Treasurer, R. B. SosmMan;+ 
General Committee, N. E. Dorsrzy, E. Bucxineuam, M. D. Hersey, 
E. G. Fiscner, R. L. Farts, H. L. Curtis, D. L. Hazarp, R. A. 
Harris, W. P. Wuire. It was moved and carried that the Secretary 
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communicate to the General Committee that it is the sense of the 
meeting that the membership list be revised, published, and distributed 
more frequently. It was moved and carried that the plan of having 
refreshments at the regular meetings be presented to the General 
Committee for consideration. There was also informal discussion as 
to the desirability of a revision of the by-laws and organization. It 
was suggested that the General Committee empower the Executive 
Committee to designate other meeting places than the Cosmos Club 
when desired, and that the General Committee provide for taking of 
votes by post when specific questions arise requiring prompt action. 


The 749th meeting was held on January 2, 1915, at the Cosmos Club, 
President E1cHELBERGER in the chair; 20 persons present. 

Mr. F. E. Wricut spoke on The measurement of relative strain in 
glass. The history of researches with reference to the optical effects 
resulting from strain in glass and to the methods suggested for meas- 
uring such effects was reviewed. In the method used by the speaker, 
the glass plate is examined in strong monochromatic light between 
crossed nicols. The path difference of the emergent light waves at 
any given point is measured by a bi-quartz compensator of special 
type. The conversion of the optical retardations thus measured to the 
corresponding elastic deformation data is accomplished by direct meas- 
urements in the glass subjected to a series of mechanical loads of known 
magnitudes. The paper was illustrated by experiments and projections 
on the screen. The discussion was participated in by Messrs. BAUER 
Wuitsr, C. A. Briaes, Marvin, Curtis and Sosman particular 
inquiry being made with reference to applications in determining strains 
in engineering constructions. 

Mr. M. D. Hersey presented a paper’ on Some characteristics of 
aneroid barometers. The speaker described briefly the general prin- 
ciples and mechanical details of the aneroid barometer. The various 
types were illustrated by lantern slides and sketches. In the consid- 
eration of relative merits and permissible limits of error account must 
be taken of the proposed use. The different classes of error were dis- 
cussed. The chief source of error appears to be in the construction of 
the vacuum box. Mr. Marvin discussed the paper, stating that his 
experience confirmed the conclusion of the speaker and that undoubt- 
edly the greatest improvement must be looked for in better material 
for the vacuum box. 


The 750th meeting was held on January 16, 1915, at the Cosmos 
Club, President ErcHeLBERGER in the chair; 50 persons present. 

The evening was devoted to the address of the retiring President, 
Mr. L. A. Fiscuer, on Measurement of length. The speaker briefly 
sketched the early history of the English yard and the origin of the 
present metric standards of length. The earliest authentic copies 
of both the yard and the meter in the United States were brought 
to this country by Ferdinand Hassler, the first superintendent of the 
Coast Survey, and when he Organized that service later on the meter 
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was made the basis of that work. The causes which led to the estab- 
lishment of the International Bureau of Weights and Measures in France, 
and the prominent part taken by geodesists in the development and 
preservation of standards of length up until very recent times, were 
brought out. The progress made in the measurement of primary 
base-lines by the U. S. Coast and Geodetic Survey during the period 
while the speaker was connected with that service was then briefly 
sketched, emphasis being laid upon the important part taken by mem- 
bers of the Philosophical Society in the development of the subject, 
not only in the United States, but throughout the world. The com- 
pensated base bars of Schott, the simple steel bars used by Tittmann, 
the duplex apparatus of Eimbeck, and the methods of Woodward of 
measuring with the 5-meter iced bars, and steel tapes, were briefly 
discussed and the advantages and the accuracy of the different methods 
compared.. Mr. Fischer also exhibited some very accurately measured 
steel gauges to illustrate the progress in perfecting accurate manufac- 
turers’ standards. 

The chair expressed to the speaker the thanks of the members and 
guests present for his most interesting paper. 


The 75lst meeting was held on January 30, 1915, at the Cosmos 
Club, President E1cHELBERGER in the chair; 52 persons present. 

Mr. W. F. G. SWANN presented a paper on The atmospheric-electric 
work of the Department of Terrestrial Magnetism, illustrated with lan- 
tern slides. A brief survey of the methods and uncertainties in atmos- 
pheric-electric observations was given, and certain new instruments 


and methods were described. A short discussion of the observations 
made by Messrs. C. W. Hew tert and H. F. Jonnston during the sec- 
ond and last cruises of thé Carnegie was given. Ocean observations 
appear to show a curious diminution in the conductivity followed by 
an increase as one passes from mid-ocean to land, and vice versa. 
Reasons were given for believing that the specific velocity is the factor 
responsible for this phenomenon. The radioactive content was de- 
termined by a modification of Elster and Geitel’s method. By an 
application of theoretical considerations, it has been possible to calcu- 
late the approximate absolute radioactive content of the air. The 
decay curves correspond to radium emanation, and the average ema- 
nation content per cu. cm. is 107 curies, which is as much as is found 
on land, and would be more than sufficient to account for the con- 
ductivity observed if many of the ions produced were not ions of slow 
velocity. In the discussion Mr. Humpureys referred to the chaotic 
state of atmospheric-electric work until recent years; the prog- 
ress being made results first from a thorough discussion of the un- 
derlying principles and then a design of apparatus accordingly. Mr. 
Bauer referred to his experience in planning for the atmospheric- 
electrical work of the Department of Terrestrial Magnetism in 1905, 
and of the observational quarters beng 4 now provided on the Carnegie 
for the coming cruise. 
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Mr. C. R. Duvaut then presented a paper, illustrated by lantern 
slides, on The recurring-series method of seeking hidden periodicities with 
applications. A generating function in the form of a general rational 
proper fraction in z may be developed into a power series in two ways. 
In the first, the coefficients satisfy a scale of relation, and in the second 
the general coefficient is in the form of a sum of products of polynomials 
by powers. Both processes being uniquely reversible, a general form is 
determined of a sequence of numbers satisfying a scale of relation. 
A sum of sine terms is transformed into a sum of powers; a particular 
case of a sum of products of polynomials by powers. Hence, any 
sequence of numbers which may be represented by a sum of sine terms, 
satisfies a scale of relation, and its general term may be determined 
and the periods, amplitudes, and phrases. Results of applications to 
magnetic and sun-spot-number data were given, showing a striking 
agreement in the two phenomena of three periods of about 11.4, 22, and 
70 years, with some indications of a fourth period of 6 to 8 years. 
Prof. E. W. Brown’s diagram of fluctuations in the longitude of the 
Moon, Earth, and Mercury, all compared with the sun-spot curve, 
gave indications of a common period of about 70 years, and suggested 
a connection between these fluctuations and changes in the Earth’s 
magnetic field, all possibly due to changes in the Sun’s magnetic field. 
The paper was discussed by Mr. Bauer, who gave a brief account of 
recent work of others, particularly of Schuster and Michelson; Mr. 
SosMAN asked whether any groupings had been taken for periods asso- 
ciated with that of the rotation of the Sun; Messrs. HumpHREys and 
ApsBoT made reference to the inaccuracy of data sometimes published. 
J. A. Fuemine, Secretary. 


THE GEOLOGICAL SOCIETY OF WASHINGTON 


The 289th meeting was held in the lecture room of the Cosmos 
Club, on January 13, 1915. 


INFORMAL COMMUNICATIONS 


H. M. Eakin, Effect of the earth’s rotation as a deflecting force in 
stream erosion. In 1909 the speaker gave a paper before the Geologi- 
cal Society of Washington in which rotational deflection was discussed 
as to its source, its variations with latitude and velocity, and its ex- 
pression in torsional flow and selective lateral erosion in alluvial streams 
as compared with that of the more familiar centrifugal force developed 
on stream bends. It was shown that above latitude 60° N. a straight 
stream has the same tendency to greater erosion on its right bank due 
to rotational deflection as that directed to the outer bank by centrif- 
ugal force on a bend with a 6-mile radius of curvature. This meas- 
ure of the erosional effect of rotational deflection lead to the conclu- 
sions: That this force is sufficient to cause lateral migration of large 
streams in high latitudes; that the Yukon River, in Alaska, has thus 
migrated to the right side of its valley throughout the lower 800 miles 
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of its course; and that large rivers generally in high latitudes, especially 
those of northern Siberia, should have characteristics similar to those 
of the Yukon. 

The first authentic data regarding the Siberian rivers has just be- 
come available in Nansen’s new book, Siberia the Land of the Future, 
and both the data and the author’s interpretations are in entire har- 
mony with the conclusions cited in the earlier paper by the speaker. 

Discussion. 8. R. Capps and F. C. ScHrapmEr expressed the opinion 
that, as regards the Yukon and Tanana, other factors than the earth’s 
rotation were of much importance. Such, for instance, was the for- 
mation of delta deposits in streams entering from one side and not 
from the other. EAKIN agreed that this was a factor of importance 
but did not believe the whole effect could be ascribed to it. 

E. W. Suaw, A unique coal mine gas explosion. At the time of the 
unprecedented high water on the lower Ohio, in the spring of 1913, a 
gas explosion occurred in a coal mine at Equality, Illinois, which was 
unique in that the gas was ordinary air. As the water approached the 
mine efforts were made to prevent ingress by throwing up a low dike 
about the shaft, but when this dike had been raised to a height of about 
5 feet the water broke through and rushed down the shaft. The space 
in the mine once occupied by the millions of cubic feet of coal which 
had been mined out was at this time occupied by air, and the water 
rushed down in such volumes that it allowed no air to escape. After 
several hours the reaction came with a roar. The water bounced out 
again, geyser fashion, bringing with it all manner of débris, coal cars, 
tools, ete., and throwing them high in the air. Perhaps the most 


important fact concerning this remarkable occurrence is that the 
owners of this mine, like most coal operators, had no map of their 
workings, and the site chosen for a new shaft was not sufficiently 
distant to avoid breaking through into the old mine. An expenditure 
of thousands of dollars was necessary to pump the. water out so that 
the new shaft could be used. 


REGULAR PROGRAM 


OutaF ANDERSEN, Mineral occurrences and associations in southern 
Norway. The granitic pegmatite dikes form large bodies injected into 
various types of pre-Cambrian rocks. The dikes are, as a rule, very 
coarse-grained, some of the minerals (e.g., feldspars) forming huge 
crystals. Graphic granites and various other graphic intergrowths 
are very common. The main feldspar is always a microcline perthite. 
Plagioclases (commonly oligoclase) are also present in considerable 
quantities. Micas (biotite and muscovite) are found in most of the 
dikes. Magnetite is commonly present in small amounts. With 
respect to the associations of the less common minerals several types 
may be distinguished: the beryl-bearing dikes, the tourmaline-bearing 
dikes, the dikes rich in niobates and tentalates, etc. Each type has its 
characteristic mineral association, but there are no sharp boundaries 
between the types. . 
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The most interesting rare minerals of the dikes are the niobates, 
tantalates, and titano-niobates (columbite, fergusonite, euxenite, 
blomstrandine, etc.) and the silicates containing rare earths (thorite, 
orthite, gadolinite, hellandite, thortveitite, etc.). The following are 
‘some of the rare elements present in these minerals: yttrium, erbium, 
cerium, scandium, thorium, uranium, tungsten, niobium, tantalum. 
The cordierite-bearing pegmatites occur in small veins in gneiss, and 
contain chiefly oligoclase (sunstone), cordierite, and quartz, with 
small amounts of magnetite, apatite, etc. The epidote-bearing peg- 
matites occur as veins in metamorphic rocks (altered quartz-porphy- 
ries). They contain microcline and quartz as chief minerals, with con- 
siderable quantities of epidote, apatite, and hematite, and some biotite, 
muscovite, and titanite. 

Discussion. E. S. Bastin spoke of the resemblance in structure 


‘(rather than in mineralogy) which the Norwegian pegmatites show to 


those of the United States, especially as regards the graphic inter- 
growths. He thought that it was difficult to consider these inter- 
growths as eutectics, because of the variable ratios in which the minerals 
occur in them. He inquired as to Andersen’s views on this matter. 
Andersen said that he had not yet studied them thoroughly from this 
standpoint, but he thought that simultaneous crystallization had been 
a factor, and showed by a diagram that in a three-component system 
the boundary curves might follow such a course as to give varying 
proportions of two components which are simultaneously crystallizing 
out. 

E. T. Hancock, The history of a portion of Yampa River, Colorado, 
and its possible bearing on that of Green River. The relation between 
the main Uinta uplift and two minor uplifts known as Junction Moun- 
tain and Juniper Mountain was first pointed out, also the relation in 
origin of these uplifts to the Axial Basin anticline, which C. A. WuITE 
called “the inceptive portion of the Uinta fold.”” The views of some of 
the earlier geologists regarding the origin of Green and Yampa Rivers 
were briefly cited. The author of the paper then gave the evidence 
to show that at one time both-the Juniper and Junction Mountain 
uplifts were covered by the overlapping Browns Park formation, 
and that Yampa River, instead of being* antecedent, as C. A. WHITE 
and others supposed, is superimposed, and that the entrenched me- 
anders east of the Juniper Mountain uplift are due to the fact that 
for a time the uplifted Paleozoic rocks of Juniper Mountain acted as a 
barrier. After the river succeeded in cutting its channels down through 
the hard rocks it then deepened its channels throughout that part 
of its course where it had previously established its meanders. (To 
be published in complete form in U. 8S. Geological Survey Professional 
Paper No. 90, Chapter K.) 

Discussion. C. W. Cross spoke of the earlier work done by 8. F. 
Emmons in this region and inquired if Emmons’ reasons for believing 
that the Green River had other than an antecedent origin had the same 
basis as those of Hancock. Hancock replied that Emmons’ conclusion 
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was based on the fact that the antecedent hypothesis presented prob- 
lems which no one had been able to solve. Probably also Emmons 
suspected that the late Tertiary sediments had formerly overlapped 
the Uinta Mountains. E. W. Saw raised the query whether the 
present elevated position of the Browns Park beds in certain places 
might not be due to subsequent deformation. Hancock gave reasons 
for doubting this. B. 8. Butter spoke of a remnant of a mature 
topographic form on the north side of the Uinta Mountains in the 
form of a gravel-capped plateau. A similar form occurs on the south 
side of the range and one is impressed with the probability that at 
one time they were connected and are parts of a mature topography 
now dissected, and that a correlation can be made between the physio- 
graphic stages represented in the Uinta region and those of the High 
Plateau. C. J. Hares drew an analogy with the North Platte and 
Sweetwater River systems and thought their history was similar to that 
described by Hancock for the Green River-Yampa system. 

G. F. Loueuurn, Stratigraphy of the Tintic Mining District, Utah. 
The sedimentary rocks of the Tintic district have a total thickness 
of more than 13,000 feet, the lower half consisting of quartzite with 
a narrow shale band at its top and the upper half consisting chiefly of 
limestone and dolomite. These rocks were first described in 1897 by 
Tower and G. Orts Smiru, who assigned the quartzite and shale to the 
Cambrian, and the limestone-dolomite series tentatively to the Car- 
boniferous. In 1905 Werexs found Middle and Upper Cambrian 
fossils in the lower 2000 feet of limestone. During a recent resurvey 
of the district by the U. S. Geological Survey the cverlying limestones 
were found to include 2000 feet or more of Ordovician, 150 or more of 
Devonian, and a minimum of 1800 feet of lower and upper Mississip- 
pian. Two unconformities were recognized; one at or near the base 
of the Ordovician, and one at the base of the Mississippian. No proof 
of an unconformity in the Cambrian quartzite corresponding to that 
in the Big Cottonwood Canyon section could be found. The Middle 
Cambrian limestones are only about one-third as thick as those in the 
House Range and Blacksmith Fork sections, but no evidence indicating 
the cause of this difference was found. 

Discussion by GEorGE Ort18 SmirH and C. W. Cross. 

C. N. Fenner, Secretary. 


THE ANTHROPOLOGICAL SOCIETY OF WASHINGTON 


At a special meeting of the Society held November 3, 1914, at the 
Public Library, Dr. J. WattreR Fewxess, of the Bureau of American 
Ethnology, read a paper on Vanished races of the Caribbean, using lan- 
tern slides to show characteristic artifacts found on different islands. 
About 235 persons were present. The lecturer said that while it 
has been frequently stated that there are races of men without his- 
tory, by this must be meant that they have no written history; for 
every race has had a cultural development worthy of study even if 
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it has not been recorded in writing. Its earliest steps in culture, 
those taken before the development of written history, can be traced 
by a study of its archaeology and are important, even though they 
represent only a small segment of its evolution. One of the most 
instructive aboriginal types of man in pre-historic America is that 
which in pre-Columbian times inhabited the West Indies, extending 
from Trinidad on the coast of South America to Cuba, a few miles 
south of the peninsula of Florida. These aborigines may be regarded, 
from the cultural point of view, as members of a vanished race, for, 
with the exception of very incomplete historical accounts and a few 
highly modified living survivors, archaeologica! remains are all that is 
left from which to determine its culture. A study of this limited ma- 
terial shows that the Antillean culture belonged to the stone age, 
and while it had attained a considerable development it was quite 
unlike that of any other area in the New World. It is taken for granted 
that these islands were originally peopled from the neighboring conti- 
nent, and it is probable, from the peculiar types of stone objects which 
occur on the islands, that the culture they represent originated where 
it was found. In other words, the aborigines of the West Indies devel- 
oped a cultural cénter distinct from that of any other region in the 
world. There are archaeological evidences of a division in this cul- 
ture into two types, one of which existed in the Greater Antilles and 
the other in the Lesser, or the so-called Carib Islands. Each of these 
had minor divisions, which also differed in details, although both had 
the same general character. The two larger divisions differed mainly 
in the forms of stone implements, pottery, and other artifacts. For 
instance, 90 per cent of the stone implements of the Greater Antilles 
have the form of celts pointed at one end and without grooves for 
handles, while the large majority of implements from the Lesser An- 
tilles are axes with blunt heads. Some of the latter have encircling 
grooves for the attachment of handles, while others are notched on the 
edges for the same purpose. This difference in the culture of the 
aborigines in the northern and southern islands was noticed by Co- 
lumbus and is repeatedly spoken of by the early chroniclers, his im- 
mediate successors. The inhabitants of the Lesser Antilles were 
early designated by the name of Caribs, while those of the larger 
islands were called Arawaks. The main difference in the characters 
of the two peoples was recognized and described by early writers. 

The Caribs were not the original inhabitants of the islands where 
Columbus found them. They were preceded by an agricultural people 
whom they had conquered in pre-Columbian times. There is evidence 
showing that originally all the islands from Cuba to Trinidad had a 
highly developed population which had been absorbed by Caribs in 
the southern islands but still persisted in the Greater Antilles. The 
former home of the earliest inhabitants of the West Indies is unknown, 
but certain facts point to the conclusion that, while the remote ancestors 
of the aborigines of the Lesser Antilles came from South America, 
those of the Greater Antilles were from Central America. This dif- 
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ference of ethnic origin no doubt led to differences in culture, each 
modified in its development by its environment. 


At a meeting of the Society, held November 17, 1914, in the Publie 
Library, Rev. Dr. Joun Lez Mappox, Chaplain in the United States 
Army, read a paper on The Spirit theory in early medicine, based in 
part upon a larger paper submitted as a thesis at Yale University, 
After stating the general primitive theory, still more or less preva 
lent among the uneducated, that disease and death are abnormal, 
the work of malevolent spirits or of witchcraft, he undertook to show 
that many of our modern medical practices and remedies are the di- 
rect descendants of old-time methods and drugs intended to cure the 
patient by driving out the evil disease spirit through fear or disgust, 
According to this theory, bitter medicines originated in the revolting 
doses administered by the primitive medicine men in ofder to disgust 
the disease demon with his human habitation; massage originated 
in the beatings and poundings through which the evil spirit was fright- 
ened out of the patient’s body; and bleeding and cupping, as also 
trephining, were originally intended to facilitate its exit. Through 
long centuries of experience, even with an incorrect theory, it was 
found that certain drugs and remedies had a beneficial effect upon 
disease conditions indicated by certain symptoms, and that gentle 
massage and limited blood letting also might be helpful. Thus the 
correct practice developed long before the correct theory. As ex- 
amples of recognized standard remedies derived from Indian doctors, 
he instanced ipecac and quinine and traced their history from their 
first introduction to European medical notice until their final accept 
ance. The paper was discussed by Dr. Fewxes, Dr. Moores, Dr. 
E. L. Morean, Mr. Mooney, and others. Dr. Fewxes drew illus 
trations from the Hopi Indians, Mr. Moonry from the Cherokee, 
and Dr. Moore from the St. Lawrence Island Eskimo. 

DanieEL Fouxmar, Secretary. 














